The canonical view of heavy fermion quantum criticality assumes a single quantum critical point separating the paramagnet from the antiferromagnet. However, recent experiments on Yb-based heavy fermion compounds suggest the presence of non-Fermi liquid behavior over a finite zerotemperature region. Using detailed susceptibility and transport measurements we show that the classic quantum critical system, Ge-substituted YbRh 2 Si 2 , also displays such behavior. We advance arguments that this is not due to a disorder-smeared quantum critical point, but represents a new class of metallic phase. PACS numbers: 71.27.+a,71.10.Hf,72.15.Eb,72.15.Qm Quantum criticality in heavy fermion (HF) compounds has been a topic of great interest for more than a decade [1] . In the vicinity of a quantum critical point (QCP), HF materials display qualitative departures from the standard Landau Fermi liquid (LFL) behavior of conventional metals over a wide temperature (T) range. Our failure to understand these phenomena constitutes a major unsolved problem in physics.
The canonical view of heavy fermion quantum criticality assumes a single quantum critical point separating the paramagnet from the antiferromagnet. However, recent experiments on Yb-based heavy fermion compounds suggest the presence of non-Fermi liquid behavior over a finite zerotemperature region. Using detailed susceptibility and transport measurements we show that the classic quantum critical system, Ge-substituted YbRh 2 Si 2 , also displays such behavior. We advance arguments that this is not due to a disorder-smeared quantum critical point, but represents a new class of metallic phase. Quantum criticality in heavy fermion (HF) compounds has been a topic of great interest for more than a decade [1] . In the vicinity of a quantum critical point (QCP), HF materials display qualitative departures from the standard Landau Fermi liquid (LFL) behavior of conventional metals over a wide temperature (T) range. Our failure to understand these phenomena constitutes a major unsolved problem in physics.
A key element in the debate about quantum criticality is whether the quantum critical physics of HF materials can be understood using a space-time generalization of classical criticality, often called "Hertz-Millis" theory [2, 3] , or whether a new framework, evoking the critical breakdown of Kondo screening at the quantum critical point [4] [5] [6] [7] [8] is required. Recently, however, a new issue has arisen. Experiments on Yb-based HF systems, including Yb(Rh 0.94 Ir 0.06 ) 2 Si 2 [9] , YbAgGe [10] , and β-YbAlB 4 [11] have observed the presence of non-Fermi liquid (NFL) behavior over a finite zero-T region of the magnetic field (B)-or pressure (p)-tuned phase diagram, rather than at a single QCP. These observations raise the possibility that our underlying scenario for HF quantum criticality may need to be changed.
In this letter we re-investigate the low-T magnetotransport and magnetic susceptibility properties of YbRh 2 (Si 0.95 Ge 0.05 ) 2 [12] to examine the earlier assumption of a single QCP. Together with CeCu 5.9 Au 0.1 [13] this material has played a major role in establishing the central properties of HF quantum criticality.
The T-B phase diagram of the mother compound YbRh 2 Si 2 represents, with a well defined fan of NFL behavior in a LFL background [12] , a particularly clear example of a quantum critical point. When a nominal concentration of 5 at% Si is substituted by Ge [14] , this QCP was observed to move, for B ⊥ c, from 0.06 T further down towards 0.025 T [12] . Thus, a material situated, at B = 0, extremely close to its QCP appeared to be found. As will be shown below the NFL behavior of YbRh 2 (Si 0.95 Ge 0.05 ) 2 no longer emerges from a single point but occupies a finite segment of the B axis at T = 0. In addition the Kondo breakdown scale T * [15, 16] is now detached from the zero T magnetic phase transi- ρ (µΩcm) The arrows denoted by B infl mark the inflection points [16] of the fits to the data (full and dashed lines in (a) and (b), respectively) using the crossover function introduced in Ref. 15. tion. This observation is of great interest in the context of new results for Co-and Ir-substituted YbRh 2 Si 2 [9] as well as on CeIn 3 under high B [17] , which also indicate a separation of T * and T N at zero T.
In Fig. 1(a) we show the T dependence of the electrical resistivity, ρ(T), of YbRh 2 (Si 0.95 Ge 0.05 ) 2 for B c up to 2 T. A striking linearity of ∆ρ(T) between at least 20 mK and 900 mK develops over the B range from zero to above 0.7 T. To our knowledge, such robust NFL behavior in a finite B range (factor of 45 in T, factor of 2.3 in B considering the expected crossover to a quadratic dependence at even lower T in the AFM state at B < B c1 = 0.3 T, see Fig. 3 ) has not previously been observed in any HF compound [9] [10] [11] . In analogy with YbRh 2 Si 2 [16] , the [9] , the crossover behavior for the Ge-substituted compound investigated here is found to be almost identical with the one of pure YbRh 2 Si 2 ( Fig. 1(b) ). This is further supported by another measure of the crossover scale T * , the position T max of maxima in iso-B χ(T) curves [16] , cf. Fig. 2 . Like ρ(B), also the χ(T) data show that, while T N is strongly suppressed upon substituting YbRh 2 Si 2 with Ge, T * does not move (Fig. 2,  inset) . Figure 3 summarizes all characteristic features of YbRh 2 (Si 0.95 Ge 0.05 ) 2 in a T-B phase diagram. As indicated by the shaded area a finite range of NFL behavior at zero T appears between the critical fields B c1 and B c2 for the suppression of T N and T * . In pure YbRh 2 Si 2 , the in-T linear resistivity extends to the lowest accessible T (20 mK) at a single critical B, yet in YbRh 2 (Si 0.95 Ge 0.05 ) 2 this canonical behavior is violated, and instead, in-T linear resistivity extends to the lowest T over a substantial B range. In isolation, this behavior might be dismissed as an anomaly. However, similar behavior has recently been observed also in other Yb-based HF compounds [9] [10] [11] .
Conservatively, we might attribute these observations to disorder. In the Hertz-Millis theory, the in-T linear resistivity of HF systems is itself attributed to disorder [18, 19] . Furthermore, disorder is expected to smear a well-defined QCP into a region [20] .
However, various aspects speak against this conservative view point. Firstly, it is unlikely that the smearing [23] , all beyond the maximum value of unity expected within the Hertz-Millis type scenario for disordered systems [18] . ∆ρ/ρ 0 values more compatible with this scenario are observed for CeCu 5.9 Au 0.1 (∆ρ/ρ 0 ≈ 0.5) [24] and YbAgGe (∆ρ/ρ 0 ≈ 1) [10] , values much larger than unity for CeCoIn 5 (∆ρ/ρ 0 ≈ 100 for I ⊥ c) [25] . Of course, the significance of ∆ρ/ρ 0 in estimating the role of disorder is questionable in systems as YbRh 2 [12, 15, 16] .
A natural interpretation of our data, then, is that the B-region with in-T linear resistivity corresponds to a well-defined metallic phase with unconventional transport properties. The possibility of such "strange metal" phases that lie beyond a conventional LFL description has been discussed in a variety of theoretical contexts [8, [26] [27] [28] . One line of reasoning argues that the transition into the strange metal phase involves a partial Mott localization of the f quasiparticle degrees of freedom. Such a view is consistent with the T * line that connects to the upper B edge of the strange metal phase. Anderson [27] has recently proposed the possibility of a "hidden Fermi liquid", in which well-defined quasiparticles are present, but can not be created singly by the addition of external electrons.
The standard model of HF physics is based on Doniach's "Kondo lattice hypothesis", according to which deviations from the HF magnetic QCP are tuned by a single parameter K = T K /J H , the ratio of the single-ion Kondo temperature T K to the nearest neighbor RKKY interaction J H . As K is increased, a quantum phase transition QC1 takes place at some value K c (see abscissa of Fig. 4 , Q = 0).
The apparent emergence of a strange metal phase in certain HF compounds leads us to propose a two parameter extension to the Doniach phase diagram which considers the interplay of the Kondo effect (K) with the quantum zero point motion of the local moments (Q). Related ideas have been previous considered by various authors [29] [30] [31] [32] [33] . To motivate this idea, we first consider a "drained Kondo lattice" (K = 0), with only local moments coupled together on a lattice by a short-range antiferromagnetic (AFM) Heisenberg interaction. In isolation this lattice would develop an AFM ground state. However, by adding a frustrated second-neighbor coupling between the spins or, more abstractly, by reducing the size of the magnetic moment we can increase the strength of the quantum zero-point spin fluctuations. At some critical value Q c , there is then a quantum phase transition QC2 where long-range magnetic order melts under the influence of zero-point spin fluctuations [34] to form a spin liquid (see ordinate of Fig. 4) .
For the general case K 0, Q 0 we may link QC1 and QC2 via a single phase boundary (Fig. 4) . However, this line is not the only feature in the phase diagram. When we turn on a small Kondo coupling between the conduction electrons and the spin liquid, the Kondo effect will not turn on instantly, since the spin liquid has a characteristic energy scale which will cut-off the Kondo logarithms. So, for small Kondo coupling, the spin liquid will co-exist with a small Fermi surface metal to form a "spin liquid metal". The concept of a Kondo-stabilized spin liquid metal was first proposed in Ref. 35 , but has more recently been discussed in connection with frustrated Kondo lattices [36] , and as topologically distinct LFL phase of the Kondo lattice [6, 37] . Since the volume of the Fermi surface in the spin liquid metal is an invariant, the small and large Fermi surface states are topologically distinct phases, separated by at least one quantum phase transition. In the simplest scenario, a single quantum phase transition from a small to a large Fermi surface must take place at some critical Kondo coupling K c (Q). In this way, the generalized magnetic-Kondo phase diagram must contain two independent quantum-critical lines -one where long range order develops, and another where the volume of the Fermi surface jumps. In general, these two lines will cross at a quantum tetracritical point (QTC), where the f electrons localize at the same time as magnetic order develops. Tuning the parameters of the material in the vicinity of this QTC will, in this scenario, cause the two transitions to separate: for transitions that take place at Q values above the QTC, the AFM QCP will have the character of a localized magnetic QCP, whereas for Q values that lie below the QTC, the QCP will have the character of an itinerant (spin density wave) transition. Another interesting possibility which has been discussed is that, instead of a QTC, a line exists in the Q − K phase diagram on which the selective Mott transition and the AFM quantum critical point coincide [30] .
In real HF materials, the precise relationship of p and B tuning the Q and K axes in our diagram will depend on microscopic details. For each material, p and B will define two generally non-orthogonal, but independent directions in the Q − K plane. Most of the existing data on Yb quantum critical systems have been interpreted assuming that B tuning can be identified with the K axis. The independent effect of doping or p must therefore at least have a finite component along the Q direction. With these assumptions, we can tentatively locate various Ybbased HF compounds in the Q − K plane.
According to its T − B phase diagram (Fig. 3 ) YbRh 2 (Si 0.95 Ge 0.05 ) 2 is situated in the AFM region, to the left of the localized-to-delocalized line. The low value of T N (and the correspondingly low value of B c1 ) suggests that it is close to the AFM line. YbRh 2 Si 2 lies just to the left of the QTC in the phase diagram [15] , while Yb(Rh 0.94 Ir 0.06 ) 2 Si 2 lies, due to its smaller T N , at a higher values of Q [9] , so that B tuning into the paramagnet takes place via an intermediate spin liquid metal. By contrast, Co-substituted YbRh 2 Si 2 with a larger T N lies at a lower value of Q, so that B tuning induces a delocalization of the f quasiparticles before the loss of magnetic order. The fact that B c2 is essentially the same for all these compounds is accounted for by positioning them around a line parallel to the localized-to-delocalized line. Their sequence along this line and their relative distances reflect the decrease of the chemical p (increase of the unit cell volume) towards the top [9, 12, 38] .
The ground state of pure YbIr 2 Si 2 is a LFL. At the lowest T no signature of T * was found in B-dependent Hall effect measurements [39] . In addition p experiments revealed that the paramagnetic ground state is stable up to p ≈ 8 GPa [40] leading us to place YbIr 2 Si 2 tentatively to the right of the f -spin localization line. We can also incorporate the parallel observations on YbAgGe and YbAlB 4 into this framework. YbAlB 4 is seen to enter a LFL phase almost immediately upon application of B [11] , suggesting that this system lies just at the edge of the spin liquid metal phase. YbAgGe requires a substantial B for the destruction of the antiferromagnetism, but beyond the AFM QCP, it is seen to pass through a finite B range with linear resistivity (NFL region) [10] . High-B effects like the putative Lifshitz transition in YbRh 2 Si 2 [41] at about 10 T fall outside the validity range of the phase diagram.
A central question raised by this discussion concerns the excitations of the proposed spin liquid metal. In particular, is the transport of charge, spin and/or heat carried by coherent fermions, or is a more radical description required? More detailed transport and spectroscopic measurements on Yb-based HF compounds with putative NFL phases [9] [10] [11] are clearly needed to help characterize the excitations in the B regime of linear resistance. It is equally important to experimentally quantify the theoretical parameters K and Q. This might be achieved with neutron scattering experiments in which the momentum independent quasielastic linewidth is a measure of the strength of the Kondo effect (K) while the inelastic response at specific magnetic q vectors is a measure of the quantum zero point motion associated with antiferromagnetism (Q) [42] .
In conclusion, we have presented a set of transport and susceptibility measurements which strongly suggest the presence of a new metallic phase in magnetic field-tuned YbRh 2 (Si 0.95 Ge 0.05 ) 2 , nested between the antiferromagnetic and LFL ground states of this material. We have proposed a two-dimensional generalization of the Doniach phase diagram as a framework for interpreting this, and other recently observed cases of strange metal phases of similar character. Future experiments, based on pressure tuning could provide an important means of veryfing these new ideas.
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